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The 1.85 b.y. oldSudbury Structure in Ontario, Can-
ada, represents the partially eroded remnant 20300
km diameter multi-ring impact basin. iits center, the
heterolithic impact breccias of the Black Member of the
Onaping Formation anthe mudstones of the Onwatin
Formation contain up te4%finely disseminatedarbona-
ceousmatter of unknown provenance. A suggestioat it
hadformed bythe reduction of methane durifigmarolic
activity [1] was considered unlikely [2]. Anthraxolite oc-
curs as two veins up tb5 m wide in the OnwatifForma-
tion. Its emplacement by “tectono-metamorphic remobili-
zation” has been suggested [3]. Rarspactroscopy alone
is unlikely to resolve the riddle of therovenance of the
carbonaceoumatter. However, it might be a useful first
step in the right direction. A detailed investigation of the
carbonaceousnatter is important in the context of the
reporteddiscovery offullerenes in the Onapingormation
[4] and will also lead to a better understanding of plane-
tary impact processes.

Method: Perfectly crystallized macroscopigaphite
hasonly one first-order Ramatine (G-line) at 1575 cal
[5]. Whenthe crystallite size or the size of ordered do-
mains is reducedfor instance by grinding, a forbidden
line begins to appear argtow in relative intensity (D-
line) at 1355 crit and the position of the G-line shifts to
larger R-valuestypically to around 1600 cth[5]. Any
significant disorder in the&onstancy ofthe distances of
basal planes, or disorder within basal planes kéite the
same effect. Figure la shott® Raman Spectrum (RS) of
carbonaceousnatter from the CV3 meteorite Allende as
an example of an RS of greatly disordered elemental car-
bon. This carbon does not begin to recrystallize signifi-
cantly, atleast on times of hours, until the temperature
reaches 1000°C [6]. Carbonaceous matfitem rocks of
the Onaping and Onwatiormations was obtained either
by the destruction of silicates and sulfides with acids, or

by themuchsimpler technique of ultrasonic treatment and
stirring of finely powdered rock inwater, which caused
carbon-rich material to floatAbout one mg of carbon
matter was secured between two circufacroscopeslide
coversand the RS was obtained using a 488 ldm=m
and a SPEX spectrometer. Rbie anthraxolite measure-
ment, a shiny piece ¢fiis carbon was gluednto a micro-
scope slide and polished down to a fraction of a mm.

Results: Figure 1b showthe RS of samplSURG2
collected at HighFalls. This RS is representatifer the
ten studied samples in Table 1. The samipkations
cover a significanareal extent of the Onapirlgprmation.
Greatly disordered carbon apparently occurs throughout
most, if notall of theOnaping Formation, and perhaps the
Onwatin Formation as well.Figure 2a shathe RS of the
anthraxolite. Once agaithis is agreatly disordered car-
bon, similar to thecarbon inthe Onaping and Onwatin
rocks.

Discussion: The sourcdor the carbonaceoumaterial
in the Onaping and OnwatiRormations iseither the im-
pactor, target rocks, metamorphic remobilization or bio-
genic activity. Thesimilarities of the RS otarbonfrom
Allende,from the rocks, androm the anthraxolitesuggest
an origin of theSudbury carbons frorthe impactor. How-
ever, a significant fraction ahe carbon of chondritic me-
teorites is in thdorm of diamondsand we have estimated
the “dilution factor” Onaping rocks/Impactor to have been
at least 30which would require an almost 100&arbon
impactor! No diamondsvere ever reported at Sudbury.
Were they graphitized during the event?

Does the carbonaceousnatter represent targebck
graphite shocked bthe impact? Figure 2b showbe RS
of a SriLanka graphite shocked &9.1 GPa [7]. In the
unshocked materiaihe ratio of D/G is about 0.25; in the

TABLE 1. List of samples used. The carbon content was determined with a LECO apparatus.

SAMPLES LOCATION CCONTENT, wt%
BLACK ONAPING

SURG2; SUBD4; SUBF6 HIGH FALLS 0.602; 0.306; 0.739
SUBD2 NELSON LAKE AREA 0.204

SUBD3; SUBF3; SUBF5 CAPREOL 1.13; 2.39; 1.06
SUGJ3 CHELMSFORD TOWNSHIP 1.83

SUGJ4 NICKEL OFFSET ROAD 1.60

ONWATIN FORMATION

SUGJ6 ONWATIN FORMATION 2.38
ANTHRAXOLITE N of ERRINGTON MINE >90%
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Figure 1. Raman Spectra of: a = Allende meteorite, b = carbon from rock SURG2.

Figure 2. Raman Spectod a =Anthraxolite, b = SrLanka graphite shocked &9.1 GPa. The line at 1358 ¢ris the nor-
mally forbidden D-line; the line at 1598 &nis the blue-shifted G-line. R = Delta Wavenumber.

shocked sample it i6.66. Based on theomparison of
these results with our Sudbury data we cannot rule out that
the carbon inthe Sudbury Structurerepresentsshock-
altered targetock carbonThe anthraxolite, however, was
emplaced after theocks of the Onaping and Onwatin
Formations, hence did not experience the shock.

The rocks othe OnwatinFormation have experienced
greenschist facies metamorphism. Under such conditions,
carbon with RS such as those in Figure 1 can be formed in
situ from organicremains by the abstracting of H, O, S,
etc. [8]. However, none dhe Sudbury impact targebcks
contain substantial amounts of originallyganic material
to account for up to 4%lemental C in the Onwatin For-
mation. C-bearing gases or fluids emanatiram deep
crustal levels and released throusgfiiock brecciation are
another potential sourder the carbon inthe rocks of the

Sudbury Structure. Howevethis would not explain why
the carbon content ofthe Gray Member of theOnaping
Formation is so muctess than that of thBlack Member
which lies dirtectly above it.
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